A new application of high resolution continuum source flame atomic absorption spectrometry has been developed for the determination of Ca, Fe, Zn and Mn in chicken feed. Under the selected determination conditions, the correlation coefficients better than 0.998, the relative standard deviations less than 2.6% and the recoveries between 96.3% and 103.1% were obtained for the four metal elements. The characteristic concentrations were 0.092 mg/L (Ca), 0.17 mg/L (Fe), 0.033 mg/L (Zn) and 0.15 mg/L (Mn), respectively. The results showed that the contents in chicken feed were 6.75±0.12 mg/g (Ca), 1.30±0.03 mg/g (Fe), 0.174±0.05 mg/g (Zn) and 0.313±0.04 mg/g (Mn), respectively. Therefore, the proposed method was accurate and stable with a high practical value. It provided scientific basis for determination of metal elements in food．
Introduction
Several sample preparation techniques are used for the determination of metal elements in food, such as inductively wet digestion, dry digestion, incomplete digestion and microwave digestion. Wet digestion and dry digestion are two traditional ways, but both of them have obvious disadvantages, for instance, some dense mass of strong acids are used in wet digestion, while dry digestion is a time-consuming process [1, 2] . The objective of incomplete digestion is uniform and transparent digestive solutions,which do not need of complete destruction and colorless liquors. As a consequence of that, the sample-process time just need less than 20 min [3] . Nevertheless, incomplete digestion also requires a good deal of strong acids and the microemulsification stability after that is an important parameter for accurate analysis. Closed-vessel microwave-assisted digestion need only 5 mL of HNO 3 and 4 mL H 2 O 2 in this study, and its main advantages are the high relative speed, good reproducibility, low blank, low possibility of contamination and the minimum loss of volatile elements [4] .
The objective of this study was to develop a simple and robust method for the fast sequential multi-element determination of Ca [5] , Fe [6] , Zn [2] and Mn in chicken feed by high resolution continuum source flame atomic absorption spectrometry (HR-CS FAAS) [7] [8] [9] [10] using new features.
Experime ntal
Instrumentation An Analytik Jena ContrAA 700 High Resolution Continuum Source Atomic Absorption Spectrometer (Analytik Jena, Berlin,Germany) had been used for all measurements in this work. This spectrometer consists of a high-intensity xenon short-arc lamp, a high-resolution double echelle monochromator (DEMON) and a chargecoupled device (CCD) array detector [11] . All absorption lines in the range from 185 nm to 900 nm are provided by the high-intensity xenon short-arc lamp as the radiation source. The highest resolution of about 2 pm is carried out by DEMON, including a pre-dispersing prism monochromator and a high-resolution echelle grating monochromator. 200 pixels of the linear CCD array detector are used for monitoring all spectral informations on both sides of center wavelength. The flame type was C 2 H 2 -air and the burner type was 100 mm in the process of determination. The fixed air flow was 470 L/h for determination. The optimized determination conditions were shown in Table 1 . Reagents and standards The reagents were of guaranteed reagent. Ultrapure water with a resistivity of 18.2 MΩ·cm was obtained from a Milli-Q system (Millipore, Billerica, USA). Calibration solutions of Fe, Zn and Mn were prepared in the ultrapure water with 0.5% (v/v) HNO 3 
Results and discussion
The analytical characteristic data of HR-CS FAAS were shown in Table 3 . The calibration curves used to determine of Ca, Fe, Zn and Mn with HR-CS FAAS were built-up by measuring the absorbance of the calibration solutions in the selected determination conditions, as shown in Fig.1 .. The correlation coefficients were 0.9992 (Ca), 0.9996 (Fe), 0.9989 (Zn) and 0.9989 (Mn), respectively. The characteristic concentrations were 0.092 mg/L (Ca), 0.17 mg/L (Fe), 0.033 mg/L (Zn) and 0.15 mg/L (Mn), respectively. The relative standard deviations were 2.3% (Ca), 1.9% (Fe), 2.6% (Zn) and 2.1% (Mn), respectively. As can be seen, the proposed method represented one of more sensitive and more reproducibility methodologies for determination of the four metal elements. The proposed means, using microwave digestion-HR-CS FAAS, had been applied to determination of the four metal elements in chicken feed and was verified through spike recovery tests [12] . The results, obtained as the average of three replicates of ea ch element, were shown in Table 4 . The contents in chicken feed were 6.75±0.12 mg/g (Ca), 1.30±0.03 mg/g (Fe), 0.174±0.05 mg/g (Zn) and 0.313±0.04 mg/g (Mn), respectively. The recoveries were 103.1±1.9% (Ca), 98.4±2.3% (Fe), 96.3±2.9% (Zn) and 97.7±1.8% (Mn), respectively. Therefore, the proposed method represented one of more accurate methodologies for the determination of the four metal elements. 
Conclusions
The developed means provided a exact and sensitive procedure for the determination of Ca, Fe, Zn and Mn in chicken feed by HR-CS FAAS after microwave digestion. Under the selected determination conditions, the correlation coefficients better than 0.998, the relative standard deviations less than 2.6% and the recoveries between 96.3% and 103.1% were obtained for the four metal elements. The characteristic concentrations were 0.092 mg/L (Ca), 0.17 mg/L (Fe), 0.033 mg/L (Zn) and 0.15 mg/L (Mn), respectively. The results showed that the contents in chicken feed were 6.75±0.12 mg/g (Ca), 1.30±0.03 mg/g (Fe), 0.174±0.05 mg/g (Zn) and 0.313±0.04 mg/g (Mn), respectively. Low characteristic concentrations, good correlation coefficients and precisions, and high recoveries showed that the proposed method is accuracy, reliability and stability.
